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Described herein 1s an implantable access port device with
a catheter compartment which permits lengthening or short-
ening the catheter in response to changes in tension of the
distal catheter. Implantable access port devices are used
extensively 1n the medical field to facilitate the performance
of recurrent therapeutic tasks such as repeated drug delivery,
drainage, blood sampling, transiusions, or total parental
nutrition. In current access port systems, the catheter 1s
rigidly attached to the access port via a connection ring. As
such, the system does not provide any flexibility or ability
for catheter length adjustments, which can lead to long-term
complications such as dislodgement of catheters, migration
of catheters, port separation with extravasation, suture dis-
ruption, and mechanical failure of the access port system.
These catheter-related complications carry serious risks for
the patients. The implantable access port system described
herein permits self-adjusting catheter length, thereby reduc-
ing catheter-related complications.
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ACCESS PORT SYSTEM FOR
INTRATHECAL DRUG DELIVERY WITH
SELF-ADJUSTING CATHETER LENGTH

CROSS-REFERENCE TO RELATED
APPLICATIONS

This present application 1s a Continuation application of
U.S. Ser. No. 16/769,134, which claims priority as a national
stage application submitted under 35 U.S.C. 371 from
PCT/US19/061454 filed Nov. 14, 2019, which claims pri-
ority from provisional application No. 62/767,927 filed Nov.
15, 2018, the entire contents of each are hereby incorporated
by reference herein.

FIELD OF THE INVENTION

The embodiments of the present invention relate to an
implantable access port system for the infusion and/or
withdrawal of fluids to or from a subject, and particularly an
implantable access port system with seli-adjusting catheter
length.

BACKGROUND OF THE INVENTION

Implantable access port devices are used extensively in
the medical field to facilitate the performance of recurrent
therapeutic tasks.' Treatment of patients often requires long-
term vascular or extra-vascular access for safe, repeated
drug delivery, drainage, blood sampling, transfusions, or
total parental nutrition. Access port systems are also used to
access the fluid-filled space around the spinal cord, called
the subarachnoid or intrathecal space, for drug delivery
and/or sampling of cerebrospinal fluid (CSF).

A typical access port system comprises a needle-impen-
etrable housing having a fluid reservoir that i1s sealed by a
needle-penetrable septum. The access port also includes an
outlet stem or exit cannula which projects from the housing
to a connection ring and provides a fluid passageway that
communicates with the fluid reservoir. The connection ring
1s used to couple the housing to a catheter. The access port
device 1s attached to the proximal end of the catheter and the
distal end of the catheter 1s placed into a patient’s blood
vessel, intrathecal space, other lumen or target tissue. The
access port device 1s generally implanted subcutaneously at
a location that 1s easily accessible.

The catheter 1s ngidly attached to the access port device
via a connection ring. As such, the access port system does
not provide any flexibility or ability for catheter length
adjustments, which can lead to long-term complications
such as dislodgement of catheters, migration of catheters,
port separation with extravasation, suture disruption, and
mechanical failure of the access port system. These com-
plications carry serious risks for the patients.” Although
relatively rare in adults for vascular access ports, these
complications are sigmficantly more prevalent in pediatric
patients.”

The rate of complications 1s significantly higher with
implantable intrathecal access port systems as the smaller
catheters used 1n these devices are more susceptible to kinks,
breaks, leakage, dislodgement from the intrathecal space,
and disconnection from the pump.® Catheter-related com-
plications were the most common cause of repeat surgery.
The incidence of operative catheter revision has been
reported to be 7% to 34.6%.” For example, Follet and
Naumann® reported a 9.7% rate of catheter-related compli-
cations 1n the first nine months after implantation. The most
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common complication was catheter dislodgement from the
intrathecal space. Migration of the catheter completely out

of the spinal canal and into the subcutaneous tissues in the
paraspinous region 1s most common. Fluckiger et al.
reported the migration of the catheter outside of the dura in
approximately 12% of patients.” Migration to the subdural
compartment or the epidural space has also been reported.

Accordingly, there 1s a need 1n the art for improved access
port systems which reduce the risk of catheter-related com-
plications.

BRIEF SUMMARY OF THE INVENTION

The present mvention 1s related to various embodiments
of an implantable access port system with self-adjusting
catheter length. By lengthening or shortening the catheter 1n
response to changes 1n tension of the distal catheter, use of
the implantable access port system of the present disclosure
reduces the risk of complications such as dislodgement of
catheters, migration ol catheters, port separation with
extravasation, suture disruption, and mechanical failure of
the access port system.

In one embodiment, an access port device has a catheter
compartment, wherein a catheter, secured to the access port
device, has a portion of a proximal portion of the catheter
contained within the catheter compartment and 1s extensible
outside the catheter compartment to increase a length of a
distal portion of the catheter or 1s retractable inside the
compartment to decrease the length of the distal portion of
the catheter. The catheter compartment can consist of an
extension ol the access port device with a peripheral wall
running along a portion of an exterior edge of a bottom of
the access port device. The catheter compartment can also
have a base. The catheter compartment can be separate from
and secured to the access port device. In one embodiment,
the catheter compartment 1s secured to the access port device
with a stretchable biocompatible material 1n a shape of a
sleeve or sock. The above-described access port device can
also have a biocompatible flange or skirt extending radially
from the access port device 1n order to provide a greater
surface area for suturing the access port device to a patient.

In another embodiment, the implantable access port sys-
tem of the present invention comprises an access port device
having a housing, a septum, a fluid reservoir, a connection
ring, and a catheter compartment. In one embodiment, the
catheter compartment 1s located under the housing of the
access port and has a peripheral wall and a base. The
peripheral wall runs along the exterior edge of the bottom of
the access port housing with an opening located under the
connection ring of the access port. A catheter, secured to the
connection ring, has a portion of the proximal portion of the
catheter contained within the catheter compartment and 1s
extensible outside the compartment to increase the length of
the distal portion of the catheter or 1s retractable 1nside the
compartment to decrease the length of the distal portion of
the catheter.

In an alternate embodiment, the catheter compartment
only has a peripheral wall with opening, but no base. Again,
the peripheral wall runs along the exterior edge of the
bottom of the access port housing with an opening located
under the connection ring of the access port. In this alternate
embodiment, once implanted 1nto a patient, the base of the
catheter compartment 1s formed by the patient’s subcutane-
ous tissue. A catheter, secured to the connection ring, has a
portion of the proximal portion of the catheter contained
within the catheter compartment and 1s extensible outside
the compartment to increase the length of the distal portion
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of the catheter or 1s retractable 1nside the compartment to
decrease the length of the distal portion of the catheter.

In yet another alternate embodiment, the exit cannula,
connection ring, and catheter exit the base of the access port
directly 1nto the catheter compartment 1nstead of exiting the
posterior wall of the housing. The catheter compartment has
a winder or retractor mechanism, such as a spring-loaded
winder, which can take in or release a length of catheter in
response to a change 1n tension of the distal catheter.

The implantable access port device can be sutured to the
patient’s subcutaneous tissue. In one embodiment, the
access port device has suture holes that go through both the
housing of the access port and the peripheral wall of the
catheter compartment. In an alternate embodiment, the
suture holes extend from or go through the peripheral wall
of the catheter compartment but not through the housing of
the access port. The implantable access port system has 1, 2,
3,4, 5, 6,7, 8,9, 10 or more suture holes. In another
alternate embodiment, the access port further comprises a
soit, flexible flange or skirt composed of a stretchable,
clastic biocompatible material such as rubber, latex, silicone,
clastomer (e.g., ChronoPrene™ and other thermoplastic
clastomers (TPE), sometimes referred to as thermoplastic
rubbers, thermoset elastomers), or other biocompatible
material suitable for stitching. This flexible flange or skirt
provides significantly greater surface area for securing or
stitching the access port device to the patient’s subcutaneous
tissue.

In one embodiment, the catheter compartment 1s manu-
factured as an extension of the access port housing using, for
example, 1njection molding or 3D printer technology. In an
alternate embodiment, the catheter compartment 1s produced
separately and secured to the bottom of the access port
housing using a securing mean such as, but not limited to, an
adhesive, screws, or sutures. In yet another embodiment, the
catheter compartment 1s positioned under the bottom of the
access port housing and secured in place by a stretchable
biocompatible material 1n the shape of a sleeve or a sock,
with an opening located over the posterior end of the access
port system to avoid obstructing the connection ring, the
catheter, and the opeming of the catheter compartment. The
biocompatible sleeve or sock can also have an opening over
the septum to provide unimpeded needle penetration. In yet
another alternate embodiment, the catheter compartment 1s
built into the biocompatible sleeve or sock, which 1s then
used with a conventional access port available 1n the art. In
some embodiments, the biocompatible sleeve or sock further
comprises a tlange or skirt composed of a stretchable, elastic
biocompatible material such as rubber, latex, silicone, elas-
tomer (e.g., ChronoPrene™ and other thermoplastic elasto-
mers (TPE), thermoset elastomers), or other biocompatible
material suitable for stitching. This flexible flange or skirt,
which provides additional areas for securing or stitching the
access port system to the patient’s subcutaneous tissue.

Other implementations are also described and recited
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of i1llustration, certain embodiments of the
present 1nvention are shown in the drawings described
below. Like numerals in the drawings indicate like elements
throughout. It should be understood, however, that the
invention 1s not limited to the precise arrangements, dimen-
sions, and 1nstruments shown. In the drawings:
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FIG. 1 provides a schematic side cross-sectional view
(FIG. 1A), a top perspective view (FIG. 1B), and a bottom
perspective view (FIG. 1C) of a typical implantable access
port system.

FIG. 2 provides a schematic side cross-sectional view
(F1G. 2A), a top perspective view (FIG. 2B), and a bottom
perspective view (FI1G. 2C) of the access port system (shown
in dotted and dashed lines) with a catheter compartment
having a peripheral wall and a base.

FIG. 3 provides a schematic side cross-sectional view
(FIG. 3A), a top perspective view (FIG. 3B), and a bottom
perspective view (FIG. 3C) of the access port system (shown
in dotted and dashed lines) with a catheter compartment
having only a peripheral wall.

FIG. 4 illustrates an access port system with suture holes
extending from the catheter chamber peripheral wall (FIG.
4 A, top perspective view); an access port system with suture
holes embedded into the housing and catheter chamber
peripheral wall (FIG. 4B, top perspective view); and an
access port system with a biocompatible flange or skirt
extending radially from the housing (FIG. 4C-D, top and
bottom perspective view, respectively).

FIG. 5 provides a bottom perspective view ol an access
port system with three loops of catheter in the catheter
compartment.

FIG. 6 provides a top perspective view (FIG. 6A) and a
rear side perspective view (FIG. 6B) of a stretchable, elastic
biocompatible sleeve with a catheter compartment.

FIG. 7 provides a side perspective view of the rear (FIG.
7A) and the side (FIG. 7B) of a conventional access port
device covered by a stretchable, elastic biocompatible sleeve
with a catheter compartment comprising a lateral wall, a
base, and an opening under the connection ring of the
conventional access port system.

FIG. 8 provides various views of a conventional access
port system covered by a stretchable, elastic biocompatible
sleeve with a catheter compartment with a catheter secured
to the connection ring of the conventional access port system
(FIG. 8A), and with a portion of the proximal end of the
catheter looped inside the catheter compartment (FIGS.
8B-D).

FIG. 9 provides bottom views (FIGS. 9A-B) and top
views (FIGS. 9C-D) of a biocompatible sleeve with a

catheter compartment consisting of only a peripheral wall
without a base.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

It 1s to be appreciated that certain aspects, modes, embodi-
ments, variations and features of the invention are described
below 1n various levels of detail in order to provide a
substantial understanding of the present invention.

The following description of particular aspect(s) 1s merely
exemplary in nature and 1s 1n no way intended to limit the
scope of the mvention, 1ts application, or uses, which may,
of course, vary. The mvention 1s described with relation to
the non-limiting defimtions and terminology 1included
herein. These definitions and terminology are not designed
to function as a limitation on the scope or practice of the
invention but are presented for illustrative and descriptive
purposes only. While the compositions or processes are
described as using specific materials or an order of 1ndi-
vidual steps, 1t 1s appreciated that materials or steps may be
interchangeable such that the description of the mvention
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may include multiple parts or steps arranged in many ways
as 1s readily appreciated by one of skill in the art.

Definitions

For convenience, the meaning of some terms and phrases
used 1n the specification, examples, and appended claims,
are provided below. Unless stated otherwise, or implicit
from context, the following terms and phrases include the
meanings provided below. The definitions are provided to
aild in describing particular embodiments, and are not
intended to limit the claimed 1nvention, because the scope of
the invention 1s limited only by the claims. Unless otherwise
defined, all technmical and scientific terms used herein have
the same meamng as commonly understood by one of
ordinary skill 1in the art to which this invention belongs. If
there 1s an apparent discrepancy between the usage of a term
in the art and 1ts definition provided herein, the definition
provided within the specification shall prevail.

As used 1n this specification and the appended claims, the
singular forms “a,” “an” and *“‘the” include plural referents
unless the content clearly dictates otherwise. For example,
reference to “a cell” includes a combination of two or more
cells, and the like.

The term “approximately”™ or “about” in reference to a
value or parameter are generally taken to include numbers
that fall within a range of 5%, 10%, 15%, or 20% 1n either
direction (greater than or less than) of the number unless
otherwise stated or otherwise evident from the context
(except where such number would be less than 0% or exceed
100% of a possible value). As used herein, reference to
“approximately” or “about” a value or parameter includes
(and describes) embodiments that are directed to that value
or parameter. For example, description referring to “about
X" includes description of “X”.

As used herein, the term “or” means “and/or.” The term
“and/or” as used 1n a phrase such as “A and/or B” herein 1s
intended to include both A and B; A or B; A (alone); and B
(alone). Likewise, the term “and/or” as used 1n a phrase such
as “A, B, and/or C” 1s intended to encompass each of the
following embodiments: A, B, and C; A, B,or C; Aor C; A
or B; Bor C; Aand C; A and B; B and C; A (alone); B
(alone); and C (alone).

As used herein, the term “comprising” means that other
clements can also be present in addition to the defined
clements presented. The use of “comprising” indicates
inclusion rather than limitation.

The term “consisting of”” refers to compositions, methods,
and respective components thereol as described herein,
which are exclusive of any element not recited in that
description of the embodiment.

As used herein the term “consisting essentially of” refers
to those elements required for a given embodiment. The
term permits the presence of additional elements that do not
matenally affect the basic and novel or functional charac-
teristic(s) of that embodiment of the invention.

It 1s to be appreciated that certain features of the invention
which are, for clarity, described herein in the context of
separate embodiments, may also be provided 1n combination
in a single embodiment. Conversely, various features of the
invention that are, for brevity, described 1n the context of a
single embodiment, may also be provided separately or in
any subcombination. Further, reference to values stated 1n
ranges include each and every value within that range.

The term “‘subject” refers to a mammal, including but not
limited to a dog, cat, horse, cow, pig, sheep, goat, chicken,
rodent, or primate. Subjects can be house pets (e.g., dogs,
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cats), agricultural stock animals (e.g., cows, horses, pigs,
chickens, etc.), laboratory animals (e.g., mice, rats, rabbits,
etc.), but are not so limited. Subjects include human sub-
jects. The human subject may be a pediatric, adult, or a
geriatric subject. The human subject may be of either sex.
The terms “subject” and “patient” are used interchangeably
herein.

The terms “eflective amount™ and therapeutlcally -cllec-
tive amount” include an amount sufficient to prevent or
ameliorate a manifestation of disease or medical condition,
such as cancer, an infection, or a genetic disorder. It will be
appreciated that there will be many ways known 1n the art to
determine the eflective amount for a given application. For
example, the pharmacological methods for dosage determi-
nation may be used in the therapeutic context. In the context
ol therapeutic or prophylactic applications, the amount of a
composition administered to the subject will depend on the
type and severity of the disease and on the characteristics of
the subject, such as general health, age, sex, body weight and
tolerance to drugs. It will also depend on the degree, severity
and type of disease. The skilled artisan will be able to
determine appropriate dosages depending on these and other
factors. The compositions can also be administered 1n com-
bination with one or more additional therapeutic com-
pounds.

As used herein, the term “biocompatible” means that the
components are composed ol any substance that has been
engineered to be compatible with the body and elicit little or
no immunogenicity, carcinogenicity, teratogenicity, and tox-
icity 1 a given organism. As such, the biocompatible
components are suitable for implantation 1n a patient.

The terms “treating” or “treatment” or “to ftreat” or
“alleviating”™ or “to alleviate” refer to both (1) therapeutic
measures that cure, slow down, lessen symptoms of, and/or
halt progression of a diagnosed disease or infection and (2)
prophylactic or preventative measures that prevent or slow
the development of a disease or infection.

] “decrease”, “‘reduced”,

[he terms “reduction”, or
“mnhibit” are all used herein to mean a decrease by a
statistically significant amount. In some embodiments,
“reduce,” “reduction” or “decrease” or “inhibit” typically
means a decrease by at least 10% as compared to a reference
level (e.g., the absence of a given treatment or agent) and can
include, for example, a decrease by at least about 10%, at
least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60%, at
least about 65%, at least about 70%, at least about 75%, at
least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 98%, at least about 99%, or
more. As used herein, “reduction” or “inhibition” does not
encompass a complete ihibition or reduction as compared
to a reference level. “Complete inhibition” 1s a 100%
inhibition as compared to a reference level. A decrease can
be preferably down to a level accepted as within the range
of normal for an individual without a given disorder.

The terms “increased”, “increase”, “enhance”, or “acti-
vate” are all used herein to mean an increase by a statically
signiﬁcant amount. In some embodiments, the terms

“increased”, “increase”, “enhance”, or “activate” can mean
an 1crease of at least 10% as compared to a reference level,

for example an increase of at least about 20%, or at least
about 30%, or at least about 40%, or at least about 50%, or

at least about 60%, or at least about 70%, or at least about
80%, or at least about 90% or up to and including a 100%
increase or any increase between 10-100% as compared to
a reference level, or at least about a 2-fold, or at least about
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a 3-fold, or at least about a 4-fold, or at least about a 5-fold
or at least about a 10-fold increase, or any increase between
2-fold and 10-fold or greater as compared to a reference
level. In the context of a marker or symptom, a “increase”
1s a statistically significant increase in such level.

As used herein, the term “long-term™ administration
means that the therapeutic agent or drug 1s administered for
a period of at least 12 weeks. This includes that the thera-
peutic agent or drug 1s adminmistered such that 1t 1s effective
over, or for, a period of at least 12 weeks and does not
necessarily imply that the administration 1tsell takes place
for 12 weeks, e.g., 11 sustained release compositions or long
acting therapeutic agent or drug 1s used. Thus, the subject 1s
treated for a period of at least 12 weeks. In many cases,
long-term administration 1s for at least 4, 5, 6, 7, 8, 9 months
or more, or for at least 1, 2, 3, 5, 7 or 10 years, or more.

Unless otherwise defined herein, scientific and technical
terms used 1n connection with the present application shall
have the meanings that are commonly understood by those
of ordinary skill in the art to which this disclosure belongs.
It should be understood that this invention 1s not limited to
the particular methodology, protocols, and reagents, etc.,
described herein and as such can vary. The terminology used
herein 1s for the purpose of describing particular embodi-
ments only and 1s not mtended to limit the scope of the
present invention, which 1s defined solely by the claims.

Other terms are defined herein within the description of
the various aspects of the invention.

Medical Uses of Implantable Access Ports

Implantable access ports are used extensively in the
medical field to facilitate the performance of recurrent,
long-term therapeutic tasks. Treatment of patients (e.g., 1n
oncology, hematology, iternal medicine) often requires
long-term vascular or extra-vascular access connected to an
access port for drug delivery, drainage, blood sampling,
transiusions, total parental nutrition.

FIG. 1A-C provide schematic, top perspective, and bot-
tom perspective views, respectively, of a typical implantable
access port system 108. Access ports typically have a
needle-impenetrable housing 101 having a fluid reservoir
103 that 1s sealed by a needle penetrable septum 102. The
access port also includes an exit cannula 104, which projects
from the posterior wall of the housing and provides a fluid
passageway that communicates with the fluid reservoir. The
exit cannula 1s used to couple the housing to the proximal
end of a catheter 106 via a connection ring 105. The distal
end of the catheter 1s placed into a patient’s blood vessel,
intrathecal space, other lumen or target tissue. The access
port 1s generally implanted subcutaneously at a location that
1s easily accessible. Fluids can be inserted or withdrawn
from the fluid reservoir using a needle 107 via the needle-
penetrable septum 102. It may be appreciated that there are
many variations to the geometry of the access port. For
example, while the housing of the access port in FIG. 1 may
be described as a partially pyramidal shape, which can
tacilitate subcutaneous implantation, the instant disclosure 1s
not so limited.

During the implantation procedure, a subcutaneous
pocket 1s first created to receive and house the access port.
This 1s done by making an incision 1n the skin of the patient
at the intended implantation site for the access port. The
access port 1s then inserted beneath the skin through the
incision, with the connection ring of the access port going
into the pocket the subcutaneous pocket last. The access port
1s secured to the patient’s subcutaneous tissue usually with
one or more sutures. The proximal end of the catheter 1s then
coupled to the connection ring of the access port. The distal
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end of the catheter 1s then inserted into the target location
(e.g., blood vessel, intrathecal area, other lumen or target
tissue).

Once the access port system 1s implanted, a non-coring,
needle (e.g., a Huber needle) attached to a feed line may be
used to access the implanted access port, by penetrating the
septum, to deliver a desired medication. Alternatively,
bodily fluids can be withdrawn from the location where the
distal end of the catheter i1s mserted.

Complications with Long-Term Use of Implantable Access
Ports

Although implantable vascular access port systems can
provide reliable, long-term vascular access for frequent
administration of blood products, parenteral nutrition, anti-
biotics or chemotherapy, serious complications are also
assoclated with their use. These include infection, occlusion,
thrombosis, extravasation, migration and dislodgment of the
catheter. Although relatively rare, dislodgment carries
potentially serious risks of arrhythmia, heart or vessel per-
foration, cardiac tamponade and even death.” The rate of
dislodgement has been reported to be higher in children
(1.4% to 3.6%)" than in adults (0.3% to 1.5%).%

The rate of complications i1s significantly higher with
implantable intrathecal access port systems. Catheter-related
complications were the most common cause of repeat sur-
gery. The incidence of operative catheter revision has been
reported to be 7% to 34.6%." For example, Follet and
Naumann® reported a 9.7% rate of catheter-related compli-
cations in the first nine months after implantation. The most
common complication was catheter dislodgement from the
intrathecal space. Migration of the catheter completely out
of the spinal canal and into the subcutaneous tissues 1n the
paraspinous region 1s most common. Fluckiger et al.
reported the migration of the catheter outside of the dura in
approximately 12% of patients.” Migration to the subdural
compartment or the epidural space has also been reported.
Intraparenchymal migration of an intrathecal catheter has
also been reported.”

Reducing Complications with Improved Access Port Sys-
tems

Implantable access ports 1n the art are ngidly attached to
the catheter, which does not provide any flexibility or ability
for catheter length adjustments and leads to long-term
complications such as dislodgement of catheters, migration
of catheters, port separation with extravasation, suture dis-
ruption, catheter migration, and mechanical failure of the
access port system.

The implantable access port system of the present disclo-
sure reduces the risks of complications by lengtheming or
shortening the distal catheter in response to changes in
tension of the distal catheter. The catheter can be lengthened
by having some length of the additional catheter exit the
compartment or the catheter can be shortened by having
some length of the external catheter enter the compartment.
The catheter compartment can either be an integral exten-
sion of the housing of a conventional access port or a
separate component that 1s secured to a conventional access
port.

For a catheter compartment that 1s an extension of the
housing of a conventional access port, the catheter compart-
ment can have a lateral wall, a base, and an opening. FIG.
2 provide schematic cross-sectional side perspective (FIG.
2A), top perspective (FIG. 2B), and bottom perspective
(FI1G. 2C) views of a typical implantable access port system
208 (shown in dotted and dashed lines) with a catheter
compartment comprising a peripheral wall 211 and a base
213, the peripheral wall 211 extending along almost the
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entire circumierence of the lower part of the access port with
an opening 212 located under the connection ring 205.
During the surgical procedure, the access port system 208
and catheter compartment 210 are implanted subcutaneously
and secured to the patient subcutaneous tissue 209.

In an alternative embodiment, the catheter compartment
extending from the housing does not have a base; it only has
a lateral wall extending along almost the entire circumier-
ence of the lower part of the access port. FIG. 3 provide
schematic cross-sectional side perspective (FIG. 3A), top
perspective (FIG. 3B), and bottom perspective (FIG. 3C)
views ol a typical implantable access port system 308
(shown 1n dotted and dashed lines) with a catheter compart-
ment 310 having only a peripheral wall 311 extending along,
almost the entire circumierence of the lower part of the
access port with an opening 312 under the connection ring
305. Duning the surgical procedure, the access port system
308 1s implanted subcutaneously with the peripheral wall
311 resting on and secured to the patient’s subcutaneous
tissue 309. The catheter compartment 1s thus formed by the
bottom portion of the access port, the peripheral wall 311,
with the patient’s subcutaneous tissue 309 forming the base.
In this embodiment, the one or more loops of the catheter
can only be mnserted in the catheter compartment 310 after
the access port device has been secured to the patient’s
subcutaneous tissue.

Once the access port system has been implanted subcu-
taneously, it 1s secured to the patient’s subcutaneous tissue
209 or 309 with, for example, sutures through suture holes
extending from peripheral wall (421 1 FIG. 4A) or both the
access port housing and the peripheral wall (422 1n FIG. 4B).
An access port system can have 1, 2, 3, 4, 5, 6, 7, 8, or more
suture holes. In an alternate embodiment, the access port
system has a biocompatible tlange or skirt extending radially
from the peripheral wall of the housing (423 in FIG. 4C-D),
which 1s composed of a stretchable, elastic biocompatible
material such as rubber, latex, silicone, elastomer (e.g.,
ChronoPrene™ and other thermoplastic elastomers (TPE),
thermoset elastomers), or other suitable biocompatible mate-
rial. The flange or skirt provides a much greater surface area
for securing or stitching the access port system to the
patient’s subcutaneous tissue. It does not have to run along
the edge of the enftire circumierence of the access port
device. In an alternative embodiment, the access port device
can have 1, 2, 3 or more partial flange or skirts around the
circumierence of the device.

As 1llustrated 1n FIG. 5, once the proximal end of the
catheter 531 1s secured to the connection ring 5035 of the
implantable access port system 508, a portion of the proxi-
mal end of the catheter 531 1s looped one, two, three or more
times and inserted into the opening 512 to the catheter
compartment 510, with the distal end of the catheter 532
extending from the catheter chamber to the patient’s blood
vessel, intrathecal space, other lumen or target tissue. When
there 1s an increase 1n tension on the distal end of the catheter
532 (due to, e.g., growth of a pediatric patient, inflammation,
patient movement), the catheter 1s lengthened with the
additional catheter available 1n the compartment. In an
alternate embodiment, the loop closest to the distal end
constitutes a half-sized loop. See FIG. 5. As such, the
catheter can be lengthened by having some of the additional
catheter exit the compartment or can be shortened by having
some of the external catheter enter the catheter compartment
510.

In yet another alternate embodiment, the access port 1s
modified to have the exit cannula and connection ring exit
directly mto a catheter compartment. A winder or retractor
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mechanism, such as a spring-loaded winder, 1s added to the
catheter compartment, which can take 1n or release a length
of catheter 1n response to a change 1n tension of the distal
catheter.

The catheter compartment can be located under the hous-
ing or along the wall of the access port device. The catheter
compartment can be manufactured as an extension of the
access port housing using, for example, injection molding or
3D printing technology. In an alternate embodiment, the
catheter compartment 1s produced separately and secured to
the bottom or wall of the access port housing using, for
example, an adhesive, screws, or sutures. In yet another
embodiment, the catheter compartment 1s positioned under
the bottom of the access port housing and secured 1n place
by a sleeve or sock molding made of a stretchable, elastic
biocompatible material such as rubber, latex, silicone, or
clastomer (e.g., ChronoPrene™ and other thermoplastic
clastomers (TPE), thermoset elastomers). The stretchable,
clastic biocompatible material 1s in the shape of a sleeve or
a sock that 1s placed over the access port and catheter
compartment with an opening located over the posterior end
of the access port system to avoid obstructing the connection
ring, the catheter, and the opening of the catheter compart-
ment. The biocompatible sleeve or sock can also have an
opening over the septum to provide unimpeded needle
penetration. In yet another embodiment, the catheter com-
partment 1s an integral component of the stretchable, elastic
biocompatible sleeve or sock. The biocompatible sleeve or
sock can further comprise a flange or skirt (as shown 1n 423
of FIG. 4C-D), which provides additional areas for securing
or stitching the access port system to the patient’s subcuta-
neous tissue. In yet another embodiment, the biocompatible
sleeve 1s molded with a built-in catheter compartment.

In yet another embodiment, a biocompatible sleeve 1s
custom-molded to cover a commercially-available access
port device. The biocompatible sleeve can have an opening
located over the posterior end of the access port device (642
in FIG. 6 A-B) to avoid obstructing the connection ring, the
catheter, and the opening of the catheter compartment. The
biocompatible sleeve can also have an opening over the
septum (641 i FIG. 6 A-B) to provide unimpeded needle
penetration. Once the conventional access port device 1s
inserted 1in the custom-molded biocompatible sleeve (FIGS.
7A-B), the catheter 1s secured to the access port device with
the connection ring 805 (FIG. 8A), and one or more loops
835 are formed from the proximal end of the catheter 831
and inserted in the catheter compartment 810 of the bio-
compatible sleeve, as shown 1 FIG. 8B-D, with the distal
end of the catheter 832 extending to the patient’s blood
vessel, intrathecal space, other lumen or target tissue.

In one embodiment, the custom-molded biocompatible
sleeve provides a catheter compartment comprising a
peripheral wall 611, a base 613, and an opening 612 under
the connection ring opeming 642, as shown 1n FIG. 6.

In an alternative embodiment shown in FIG. 9, the
catheter compartment 910 of the custom-molded biocom-
patible sleeve does not have a base. It only has a peripheral
wall 911 extending along almost the entire circumierence of
the lower part of the biocompatible sleeve with an opening
912 under the connection ring opening 942. Once an access
port system 1s 1nserted 1n this biocompatible sleeve through
the opening over the septum 941, the access port device/
biocompatible sleeve combination 1s implanted subcutane-
ously with the peripheral wall 911 resting on and secured to
the patient’s subcutaneous tissue. The catheter compartment
1s thus formed by the bottom portion of the biocompatible

sleeve (labelled as 910 1n FIG. 9A-B), the peripheral wall
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911, with the patient’s subcutaneous tissue forming the base.
In this embodiment, the one or more loops of the catheter
can only be inserted in the catheter compartment 910
through the opeming 912 after the access port device has
been secured to the patient’s subcutaneous tissue.

In yet other alternative embodiments, the custom-molded
biocompatible sleeve shown in FIGS. 6-9 have a biocom-
patible tlange or skirt extending radially from the peripheral
wall of the housing (see 423 in FIG. 4C-D), which 1s
composed of a stretchable, elastic biocompatible material
such as rubber, latex, silicone, elastomer (e.g., Chrono-
Prene™ and other thermoplastic elastomers (TPE), thermo-
set elastomers), or other suitable biocompatible material. As
described above, the flange or skirt provides a much greater
surface area for securing or stitching the access port system
to the patient’s subcutaneous tissue. It does not have to run
along the edge of the entire circumierence of the access port
device. In an alternative embodiment, the access port device
can have 1, 2, 3 or more partial flange or skirts around the
circumierence of the device.

It should be noted that simply mserting one or more loop
under a commercially-available access port device (i.e., a
device without a catheter chamber) prior to suturing the
device would fail to reduce the risk of catheter-related
complication for two reasons. First, without the catheter
chamber, movement of the catheter would be constricted as
it would be trapped between the access port device and the
patient’s subcutaneous tissue. Second, without the catheter
chamber, the catheter would risk being pierced during the
suturing, as the thin catheter can easily be puncture by the
sharp surgical needle. The catheter chamber of the present
invention protects the catheter during the suturing of the
access port device to the patient’s subcutaneous tissue and
permits easy movement in and out of the catheter upon a
change of tension in the distal catheter.

Some embodiments of the technology described herein
can be defined according to any of the following numbered
paragraphs:

1. An access port device comprising a catheter compart-
ment, wherein a catheter, secured to the access port
device, has a portion of a proximal portion of the
catheter contained within the catheter compartment and
1s extensible outside the catheter compartment to
increase a length of a distal portion of the catheter or 1s
retractable inside the compartment to decrease the
length of the distal portion of the catheter.

2. The access port device of claim 1, wherein the catheter
compartment 1s an extension of the access port device
and comprises a peripheral wall running along a portion
of an exterior edge of a bottom of the access port
device.

3. The access port device of claim 2, wherein the catheter
compartment further comprises a base.

4. The access port device of claim 1, wherein the catheter
compartment 1s separate from the access port device
and 1s secured to the access port device.

5. The access port device of claim 4, wherein the catheter
compartment 1s secured to the access port device with
a stretchable biocompatible material 1n a shape of a
sleeve or sock.

6. The access port device of any one of claims 1-3, further
comprising a biocompatible flange or skirt extending
radially from the access port device to provide a surface
area for suturing the access port system to a patient.

7. An access port device comprising;

(a) a housing;
(b) a septum;
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(¢) a flmd reservorr;

(d) a connection ring; and

(e¢) a catheter compartment,

wherein a catheter, secured to the connection ring, has
a portion of a proximal portion of the catheter
contained within the catheter compartment and 1s
extensible outside the catheter compartment to
increase a length of a distal portion of the catheter or
1s retractable 1nside the compartment to decrease the
length of the distal portion of the catheter.

8. The access port device of claim 7, wherein the catheter
compartment 1s an extension of the housing and com-
prises a peripheral wall running along a portion of an
exterior edge of a bottom of the access port housing
with an opening located under the connection ring.

9. The access port device of claim 8, wherein the catheter
compartment further comprises a base.

10. The access port device of claim 7, wherein the catheter
compartment 1s separate from and secured to the access
port device.

11. The access port device of claim 10, wherein the
catheter compartment 1s secured to the access port
device with a stretchable biocompatible material 1n a
shape of a sleeve or sock, the sleeve or sock having an
opening located over a posterior end of the access port
device to avoid obstructing the connection ring and the
catheter.

12. The access port device of claim 7, wherein the catheter
compartment 1s part of a stretchable, elastic biocom-
patible sleeve that envelopes the housing of the access
port device and has an opening located over a posterior
end of the access port device to avoid obstructing the
connection ring and the catheter.

13. The access port device of claim 12, wherein the
biocompatible sleeve further comprises an opening
located over the septum to provide unimpeded needle
penetration 1n the septum.

14. The access port device of any one of claims 7-13,
wherein the access port further comprises a biocom-
patible flange or skirt extending radially from the
housing, which provides a greater surface area for
suturing the access port device to a patient.

15. A biocompatible sleeve for an access port device
comprising;:

(a) a catheter compartment comprising a lateral wall
with an opening; and

(b) an opening for a connection ring of the access port
device;

wherein the biocompatible sleeve envelopes the access
port device and a catheter, secured to the connection
ring of the access port device, has a portion of a
proximal portion contained within the catheter com-
partment and 1s extensible outside the catheter com-
partment to increase a length of a distal portion of the
catheter or 1s retractable iside the catheter compart-
ment to decrease the length of the distal portion of
the catheter.

16. The biocompatible sleeve of claim 13, further com-
prising an opening for a septum of the access port
device.

1”7. The biocompatible sleeve of claim 15, wherein the
catheter compartment further comprises a base.

18. The access port system of any one of claims 15-17,
wherein the biocompatible sleeve further comprises a
biocompatible tlange or skirt extending radially from
the lateral wall, which provides a greater surface area
for suturing the access port device to a patient.
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19. The access port system of any one of claims 15-17,
wherein the biocompatible sleeve further comprises
two or more partial biocompatible flange or skirt
extending radially from a portion of the housing, which
provides a greater surface area for suturing the access
port device to a patient.

20. A method of reducing the rate of access port device
failure, the method comprising adding a catheter com-
partment to an access port device having a catheter,
wherein a portion of a proximal portion of the catheter
1s contained within the catheter compartment and 1is
extensible outside the catheter compartment to increase
a length of a distal portion of the catheter, or 1s
retractable 1nside the catheter compartment to decrease
a length of a distal portion of the catheter.

21. The method of claim 20, wherein the addition of the
catheter compartment 1s an extension of the access port
device.

22. The method of claim 20, wherein the addition of the
catheter compartment 1s achieved by enveloping a
conventional access port device with a biocompatible
sleeve with a catheter compartment.

23. The method of any one of claims 20-22, wherein the
access port device failure 1s selected from the group
consisting of: catheter dislodgement, catheter migra-
tion, port separation with extravasation, and suture
disruption.

24. An access port device comprising at least one bio-
compatible flange or skirt extending radially from the
access port device to provide a surface area for suturing
the access port device to a patient.

25. The access port device of claim 24, wherein the at
least one biocompatible flange or skirt 1s an extension
of the access port device.

26. The access port device of claim 24, wherein the at
least one biocompatible flange or skirt 1s an extension
of a custom-designed biocompatible sleeve enveloping
the access port device.

2'7. A method of facilitating the suturing of an access port
device to a patient subcutaneous tissue, the method
comprising of adding at least one biocompatible flange
or skirt extending radially from the access port device
to provide a surface area for suturing the access port
device to the patient subcutaneous tissue.

28. The method of claim 27, wherein the at least one
biocompatible flange or skirt 1s an extension of the
access port device.

29. The method of claim 27, wherein the at least one
biocompatible flange or skirt 1s an extension of a
custom-designed biocompatible sleeve enveloping the
access port device.

The description of embodiments of the disclosure 1s not
intended to be exhaustive or to limit the disclosure to the
precise form disclosed. While specific embodiments of, and
examples for, the disclosure are described herein for 1llus-
trative purposes, various equivalent modifications are pos-
sible within the scope of the disclosure, as those skilled 1n
the relevant art will recognize. For example, while method
steps or functions are presented 1n a given order, alternative
embodiments may perform functions in a different order, or
functions may be performed substantially concurrently. The
teachings of the disclosure provided herein can be applied to
other procedures or methods as appropriate. The various
embodiments described herein can be combined to provide
turther embodiments. Aspects of the disclosure can be
modified, if necessary, to employ the compositions, func-
tions and concepts of the above references and application to
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provide yet further embodiments of the disclosure. More-
over, due to biological functional equivalency consider-
ations, some changes can be made in protein structure
without affecting the biological or chemical action 1n kind or
amount. These and other changes can be made to the
disclosure 1n light of the detailed description. All such
modifications are intended to be included within the scope of
the appended claims.

Specific elements of any of the foregoing embodiments
can be combined or substituted for elements i1n other
embodiments. Furthermore, while advantages associated
with certain embodiments of the disclosure have been
described 1n the context of these embodiments, other
embodiments may also exhibit such advantages, and not all
embodiments need necessarily exhibit such advantages to
tall within the scope of the disclosure.

EXAMPLES

The mvention now being generally described, it will be
more readily understood by reference to the following
examples which are included merely for purposes of 1llus-
tration of certain aspects and embodiments of the present
invention and are not intended to limit the invention.

Example 1 Custom-Molded Biocompatible Sleeve

with a Catheter Compartment Having a Lateral
Wall and a Base

A prototype of a stretchable, elastic biocompatible sleeve
with a catheter compartment was custom-designed to tightly
envelope a commercially-available, conventional access
port device and provide a catheter compartment having a
lateral wall and a base. As shown 1n FIG. 6, the sleeve had
an opening 641 on top to avoid obstructing the septum to
provide umimpeded needle penetration, an opeming 642
located over the posterior end to avoid obstructing the
connection ring. The catheter compartment had a base 613
and a lateral wall 611 extending along almost the entire
circumierence of the lower part of the biocompatible sleeve
with an opening 612 under the connection ring opening 642.

The access port device was inserted in the custom-
designed biocompatible sleeve, as shown i FIG. 7. A
catheter 831 was then secured to the access port with the
connection ring 803 (see FIG. 8A). A portion of the proximal
end of the catheter 831 was then looped three times 835
inserted 1nto the catheter compartment 810. FIG. 8B-D show
a top, side, and bottom view, respectively, of the conven-
tional access port system enveloped by the stretchable,
clastic biocompatible sleeve with three loops of the proximal
catheter 1nside of the catheter compartment.

With a portion of the proximal end of the catheter looped
inside the catheter chamber, the catheter could easily be
lengthened by pulling the distal portion of the catheter away
from the access port system. Conversely, the catheter could
casily be shortened by pushing the distal portion of the
catheter towards the access port device.

The ability to have the length of the catheter be length-
ened or shortened in response to the changes 1n tension from
the distal end of the catheter will help to reduce the rate of
access port failures due to dislodgement of catheters, migra-
tion of catheters, port separation with extravasation, suture

disruption, and catheter migration.

Example 2 Custom-Molded Biocompatible Sleeve
with a Catheter Compartment Having a Lateral
Wall but not a Base

A second prototype of a stretchable, elastic biocompatible
sleeve with a catheter compartment was custom-designed to
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tightly envelope a commercially-available, conventional
access port device and provide a catheter compartment

having a lateral wall without a base. As shown 1n FI1G. 9, this
second sleeve also had an opening 941 (FIG. 9C-D) to avoid
obstructing the septum to provide unimpeded needle pen-
etration and an opening 942 located over the posterior end
to avoid obstructing the connection ring (FIG. 9A-D). The
catheter compartment had a lateral wall 911 extending along
almost the entire circumierence of the lower part of the
biocompatible sleeve with an opening 912 under the con-
nection ring opening 942 but 1t did not have a base.

The access port device was inserted in the custom-
designed biocompatible sleeve (not shown). A catheter was
then secured to the access port with the connection ring. The
device was secured to a hard surface and a portion of the
proximal end of the catheter was looped three times and
inserted into the catheter compartment.

With a portion of the proximal end of the catheter looped
inside the catheter chamber, the catheter could easily be
lengthened by pulling the distal portion of the catheter away
from the access port system. Conversely, the catheter could
casily be shortened by pushing the distal portion of the
catheter towards the access port device.

The ability to have the length of the catheter be length-
ened or shortened 1n response to the changes 1n tension from
the distal end of the catheter will help to reduce the rate of
access port failures due to dislodgement of catheters, migra-
tion of catheters, port separation with extravasation, suture
disruption, and catheter migration.

All patents and other publications; including literature
references, 1ssued patents, published patent applications, and
co-pending patent applications; cited throughout this appli-
cation are expressly incorporated herein by reference for the
purpose of describing and disclosing, for example, the
methodologies described 1n such publications that might be
used 1n connection with the technology described herein.
These publications are provided solely for their disclosure
prior to the filing date of the present application. Nothing in
this regard should be construed as an admission that the
inventors are not entitled to antedate such disclosure by
virtue of prior invention or for any other reason. All state-
ments as to the date or representation as to the contents of
these documents 1s based on the information available to the
applicants and does not constitute any admission as to the
correctness of the dates or contents of these documents.

The foregoing written specification i1s considered to be
suflicient to enable one skilled 1n the art to practice the
present aspects and embodiments. The present aspects and
embodiments are not to be limited 1n scope by examples
provided, since the examples are intended as a single 1llus-
tration of one aspect and other functionally equivalent
embodiments are within the scope of the disclosure. Various
modifications 1n addition to those shown and described
herein will become apparent to those skilled 1n the art from
the foregoing description and fall within the scope of the
appended claims. The advantages and objects described
herein are not necessarily encompassed by each embodi-
ment. Those skilled 1n the art will recognize or be able to
ascertain using no more than routine experimentation, many
equivalents to the specific embodiments described herein.
Such equivalents are intended to be encompassed by the
tollowing claims.
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We claim:

1. An access port device for intrathecal drug delivery 1n a
subject 1n need thereof, the access port device comprising a
peripheral wall running along a portion of an exterior edge
of a bottom of the access port device forming a catheter
compartment, wherein a catheter, secured to the access port

35

40

45

50

55

60

65

18

device, has a portion of a proximal portion of the catheter
looped one or more times and contained within the catheter
compartment and, after the device has been implanted 1n the
subject, the catheter 1s extensible outside the catheter com-
partment to increase a length of a distal portion of the
catheter or 1s retractable 1nside the compartment to decrease
the length of the distal portion of the catheter.

2. The access port device for intrathecal drug delivery of
claam 1, wherein the catheter compartment further com-
prises a base.

3. The access port device for intrathecal drug delivery of
claim 1, wherein the catheter compartment 1s separate from
the access port device and 1s secured to the access port
device.

4. The access port device for intrathecal drug delivery of
claim 3, wherein the catheter compartment 1s secured to the
access port device with a stretchable biocompatible material
in a shape of a sleeve or sock.

5. The access port device for intrathecal drug delivery of
claim 1, further comprising at least one biocompatible flange
or skirt extending radially from the access port device to
provide a surface area for suturing the access port system to
a patient.

6. An access port device for intrathecal drug delivery 1n a
subject 1n need thereof, the access port device comprising:

(a) a housing;

(b) a septum;

(c) a flud reservorr;

(d) a connection ring;

(¢) a catheter compartment; and

(1) at least one biocompatible flange or skirt extending

radially from a lateral wall of the housing, which
provides a greater surface area for suturing the access
port device to a patient,

wherein a catheter, secured to the connection ring, has a

portion of a proximal portion of the catheter looped one
or more times and contained within the catheter com-
partment and, after the device has been implanted 1n the
subject, the catheter 1s extensible outside the catheter
compartment to increase a length of a distal portion of
the catheter or 1s retractable 1nside the compartment to
decrease the length of the distal portion of the catheter.

7. The access port device for intrathecal drug delivery of
claim 6, wherein the catheter compartment 1s an extension of
the housing and comprises a peripheral wall running along
a portion of an exterior edge of a bottom of the access port
housing with an opening located under the connection ring.

8. The access port device for intrathecal drug delivery of
claam 7, wherein the catheter compartment further com-
prises a base.

9. The access port device for intrathecal drug delivery of
claim 6, wherein the catheter compartment 1s separate from
and secured to the access port device.

10. The access port device for intrathecal drug delivery of
claim 9, wherein the catheter compartment 1s secured to the
access port device with a stretchable biocompatible material
in a shape of a sleeve or sock, the sleeve or sock having an
opening located over a posterior end of the access port
device to avoid obstructing the connection ring and the
catheter.

11. The access port device for mtrathecal drug delivery of
claam 10, wherein the biocompatible sleeve further com-
prises an opening located over the septum to provide unim-
peded needle penetration 1n the septum.

12. The access port device for intrathecal drug delivery of
claim 10, wherein the at least one biocompatible tlange or
skirt extend radially from the biocompatible sleeve.
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13. The access port device for mtrathecal drug delivery of
claim 6, wherein the catheter compartment 1s part of a
stretchable, elastic biocompatible sleeve that envelopes the
housing of the access port device and has an opening located
over a posterior end of the access port device to avoid 5
obstructing the connection ring and the catheter.
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